1. (17 points) A variational calculation of the ground state energy of the Hydrogen atom is discussed in Thijssen Section 3.2.2.
Review this section and the lecture notes to understand the method. Write a code, or use the hydrogen codes, to do the Programming Exercise on page 36:
Check 1 Fortunately, we again have an exact answer for the ground state energy: this should be equal to −0.5 hartree = 13.6058 eV, and, if your program contains no errors, you should find −0.499278 hartree, which is amazingly good if you realize that only four functions have been taken into account.
Check 2 The soution of the eigenvalue problem not only yields the eigenvalues (energies) but also the eigenvectors. Use these to draw the variational ground state wave function and compare with the exact form
(17 points)
The Kronig-Penney model of a periodic potential in one dimension is discussed in Thijssen Problem 6.2 on pages 164-165. Write a code, or use the kronig-penney codes, also studied in PHY 410-505 last semester, to compute a plot a band structure diagram for the model. Study the dependence of the Kronig-Penney model band structure on the width and height of the potential step, and describe any systematic trends you notice.
3. (16 points) Write codes, or use the helium-dft codes, to do the Programming Exercises suggested in Thijssen Section 5.5 A density function program for the helium atom.
Page 111: Combine the integration routine and the root-finding routine into a method for finding the = 0 states of a radial potential. Test your program for the Hydrogen atom.
Page 112-113: Add the Hartree potential V H to the radial equation, and solve the equation self-consistently. Check that this gives and eigenvalue −0.923 a.u., and for the Hartree correction 1.0155 a.u., so that the total energy amounts to E = −2.861 a.u., in good agreement with the experimental value −2.903 a.u.
Page 114: Extend the Hartree-Fock prgram to include the exchange potential.
Check that this gives an exchange correction energy = −0.52 a.u., and E = −2.72 a.u.
Optional: The DFT result above is less accurate than the Hartree-Fock estimate. This can be improved to give E = −2.83 a.u., by including a correlation potential V c (r) given in Problem 5.3 [b] on page 118.
